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,Q WKLV SDSHUZH GHVFULEH D QHZPHWKRGRORJ\ IRU TXDQWLI\LQJ KRZ GLUHFW DQG GLIIXVH VRODU UDGLDWLRQ LPSDFW WRWDO HQHUJ\
FRQVXPSWLRQ LQ DVWDQGDUGSHULPHWHURIILFH URRPE\ RSWLPL]LQJ WKHDOORZHGGD\OLJKWSHQHWUDWLRQ IRU DFKLHYLQJRYHUDOOHQHUJ\
UHGXFWLRQ2XUPHWKRGRORJ\LVGLIIHUHQWIURPVWDQGDUGVWXGLHVWKDWIRFXVRQPRGLILFDWLRQRIZLQGRZJOD]LQJJHRPHWULFDORSWLFDO
DQGRUWKHUPDOSDUDPHWHUVDQGWKHLULPSDFWRQHQHUJ\FRQVXPSWLRQ,QRXUVWXG\ZHFRQVLVWHQWO\XVHWKHVDPHZLQGRZJOD]LQJ
JHRPHWU\ DQGPRGLI\ WKHZHDWKHU ILOH E\ YDU\LQJ WKHGLUHFW DQGRU GLIIXVH FRPSRQHQWV RI VRODU UDGLDWLRQ  7KLV FRPELQDWLRQ
HPXODWHVWKHHIIHFWRIDQDGYDQFHGG\QDPLFJOD]LQJRQWKHLQFRPLQJVRODUUDGLDWLRQDQGLVLQGHSHQGHQWRIWKHWHFKQRORJ\XVHG
6XFKDJOD]LQJZRXOGUHJXODWHWKHSURSRUWLRQVRIGLUHFWDQGGLIIXVHVRODUUDGLDWLRQWRDFKLHYHRYHUDOOHQHUJ\UHGXFWLRQ,QRWKHU
ZRUGVRXUDSSURDFKGRHVQRWWU\WRTXDOLI\RUHYDOXDWHDSDUWLFXODUJOD]LQJWHFKQRORJ\EXWUDWKHUWRJHQHUDWHVSHFLILFDWLRQVIRU
DGYDQFHG G\QDPLF JOD]LQJV WKDW FDQPDQDJH WKH LQFRPLQJ UDGLDWLRQ DQG KHQFH KHOS GULYH WKH GHYHORSPHQW RI VXFK DGYDQFHG
G\QDPLFJOD]LQJWHFKQRORJ\
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RIILFHVSDFHZLWKD::5DW
DOOIRXUFDUGLQDORULHQWDWLRQV7RHOLPLQDWHDQ\HIIHFWVWKDWFRXOGDULVHIURPKHDWWUDQVIHUIURPDGMDFHQWURRPV²HJWKURXJK
ZDOOV²ZHWUHDWWKRVHVXUIDFHVDVDGLDEDWLF,QDGGLWLRQVLQFHWKHIURQWIDoDGHZDOOLVWKHKRVWVXUIDFHRIWKHZLQGRZDQGWKXV
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:HSUHVHQWWKHUHVXOWVE\FRPSDULQJWKHHQHUJ\UHTXLUHPHQWVXQGHUYDULRXVVRODUUDGLDWLRQSHQHWUDWLRQVLQWRWKHRIILFHDVWKH\
DUH PDQDJHG E\ WKH JOD]LQJ  :H FRPSDUH WKH UHVXOWV XQGHU QRQG\QDPLF DQG G\QDPLF JOD]LQJ RSHUDWLRQ DQG RIIHU
UHFRPPHQGDWLRQVRQWKHRSWLPXPJOD]LQJRSHUDWLRQ IRU DFKLHYLQJ\HDU DURXQGHQHUJ\ VDYLQJV %\ LQYHVWLJDWLQJ WKHLQWHUSOD\
EHWZHHQPDQDJHGVRODUUDGLDWLRQYLDWKHHPXODWHGDGYDQFHGG\QDPLFJOD]LQJDQGHQHUJ\FRQVXPSWLRQLQWKHURRPZHLGHQWLI\
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.H\ZRUGV6RODUHQHUJ\FRQWUROVRODUUDGLDWLRQLPSDFWGD\OLJKWFRQWURODFWLYHIDoDGHVG\QDPLFIHQHVWUDWLRQHQHUJ\VDYLQJVEXLOGLQJHQHUJ\
RSWLPL]DWLRQ
 ,QWURGXFWLRQ
:LQGRZV KDYH EHHQ WKH GHIDXOW GD\OLJKW VRXUFH LQ EXLOGLQJV IRU KXQGUHGV RI \HDUV  +RZHYHU ZLWK WKH
DGYDQFHPHQW RI HOHFWULF OLJKWLQJ DQGPHFKDQLFDO YHQWLODWLRQ ZLQGRZV KDYH EHFRPH OHVV LQWHJUDWHG LQWR EXLOGLQJ
GHVLJQ  $Q DGGLWLRQDO UHDVRQ IRU WKLV WUHQG KDV EHHQ WKH HPHUJHQFH RIPRUH DIIRUGDEOH HQHUJ\ SULFHV >@ 7KH
JHQHUDOUXOHRI WKXPE LVWKDW GD\OLJKWLQJV\VWHPVDUHEHQHILFLDO IRUDKHDWLQJ ORDGGRPLQDWHGEXLOGLQJGXH WRKHDW
JDLQVDQGGHWULPHQWDOIRUFRROLQJORDGGRPLQDWHGEXLOGLQJV>@&XUUHQWO\WKHEXLOGLQJLQGXVWU\LVVKRZLQJUHQHZHG
DWWHQWLRQWRSDVVLYHGHVLJQRIEXLOGLQJVZLWKQHZGHVLJQVWKDWGHSHQGRQZLQGRZVQRWRQO\IRUGD\OLJKWEXWDOVRIRU
PDQDJLQJ EXLOGLQJKHDWLQJDQGRU FRROLQJ ORDGV :LQGRZVKDYH WXUQHG RXW WR EH D SDVVLYHZD\RIPDQDJLQJ WKH
LQFRPLQJ VRODU UDGLDWLRQ DQG FRQVHTXHQWO\ KDYLQJ DQ LPSDFW RQ LQWHULRU ORDGV  $UFKLWHFWV DQG HQJLQHHUV GHFLGH
ZLQGRZRULHQWDWLRQVL]HDQGW\SHRIJODVVWRXVHEDVHGRQD\HDUO\ORFDOFOLPDWHVLPXODWLRQ7KHUHVXOWLVDQDYHUDJH
³RSWLPXP´GHVLJQWKDWZLOOZRUNEHVWRQDYHUDJHGXULQJWKH\HDU 7KHLQGXVWU\KDVVWDUWHGWRSURYLGHDYDULHW\RI
G\QDPLFZLQGRZVHJYDULDEOHWLQWZKLFKFDQDGDSWWKHLUSURSHUWLHVVXFKDVWKHWUDQVPLVVLRQRIVRODUUDGLDWLRQWR
PDQDJHWKHDPRXQWRILQFRPLQJVRODUUDGLDWLRQ>@7KHUHIRUHLWLVLPSRUWDQWWRXQGHUVWDQGWKHUHTXLUHPHQWVRI
WKLVG\QDPLFIHQHVWUDWLRQWKDWFDQVHOHFWLYHO\DGPLWVRODUUDGLDWLRQGHSHQGLQJRQHQYLURQPHQWDOFRQGLWLRQVDQGXVHU
QHHGV
7KLVSDSHUVWXGLHVWKHHIIHFWRIYDULRXVOHYHOVRIDGPLWWHGVRODUUDGLDWLRQWKURXJKWKHZLQGRZRIDVLQJOHWKHUPDO
]RQHIRUDQRIILFHEXLOGLQJ:HLGHQWLI\DQGTXDQWLI\KRZWKHVHYDULRXVOHYHOVRIDGPLWWHGVRODUUDGLDWLRQLPSDFWWKH
]RQH¶V FRROLQJ IDQVKHDWLQJDQG HOHFWULF OLJKWLQJ HQHUJ\ FRQVXPSWLRQ 0RVW LPSRUWDQWO\ZH GHYHORS D VFKHPH
WKURXJKZKLFKZHDUHDEOH WRRSWLPL]H WKHDGPLWWHGVRODUUDGLDWLRQRQDSHUPRQWKGD\RUKRXUEDVLV LQRUGHU WR
DFKLHYH WKH KLJKHVW HQHUJ\ VDYLQJV IRU HDFK RI WKH DERYH VHWWLQJV ZKLOH DW WKH VDPH WLPH PHHWLQJ DPELHQW
LOOXPLQDWLRQDQGWKHUPDOFRPIRUWVWDQGDUGV
7KHVWXG\LVSHUIRUPHGXVLQJ(QHUJ\3OXV2XUVLPXODWLRQVDOORZXVWRTXDQWLI\WKHHQHUJ\FRQVXPSWLRQLPSDFW
RIWKHYDULRXVOHYHOVRIDGPLWWHGVRODUUDGLDWLRQRQWKHWRWDOHQHUJ\UHTXLUHPHQWRIDSHULPHWHURIILFHVSDFHIRUWKH
IRXU SRVVLEOH RIILFH RULHQWDWLRQV  :H XVH WKHVH UHVXOWV DQG DQ RSWLPL]DWLRQ DOJRULWKP WR LGHQWLI\ ZKDW OHYHO RI
DGPLWWHG VRODU UDGLDWLRQ VDWLVILHV RFFXSDQWV¶ FRPIRUW DQG UHGXFHV WRWDO HQHUJ\ FRQVXPSWLRQ ,Q SDUWLFXODU WKH
TXHVWLRQZH DGGUHVV LV ³KRZPDQDJLQJ DGPLWWHG GD\OLJKW RIIVHWV HOHFWULF OLJKWLQJ EXW RQ WKH RWKHU KDQGPD\ SXW
DGGLWLRQDOUHTXLUHPHQWVRQKHDWLQJFRROLQJDQGIDQORDGV´$OWKRXJKWKHLPSDFWRIVRODUUDGLDWLRQRQWKHHQHUJ\
FRQVXPSWLRQ FRPSRQHQWV HJ OLJKWLQJ IDQV FRROLQJ DQG KHDWLQJ PD\ KDYH EHHQ UHFRJQL]HG WKH TXDQWLWDWLYH
LPSDFWRIPDQDJHGVRODUUDGLDWLRQKDVQRWEHHQFOHDUO\GRFXPHQWHGRUUHVHDUFKHG7KHTXDQWLILFDWLRQRIWKHGD\OLJKW
LPSDFWRQWKHLQGLYLGXDOFRPSRQHQWVRIWKHEXLOGLQJHQHUJ\FRQVXPSWLRQFDQKHOSLGHQWLI\HQHUJ\VDYLQJVWUDWHJLHV
DQGJHQHUDWHVSHFLILFDWLRQVIRUIXWXUHG\QDPLFIDFDGHVDQGWKHLUDVVRFLDWHGFRQWUROVFKHPHV
$GPLWWDQFHRIGD\OLJKWEHVLGHVRIKDYLQJHIIHFWVRQDPELHQWLOOXPLQDWLRQDOVRKDVDWKHUPDOEHQHILWRQWKH]RQH
GXULQJKHDWLQJSHULRGV +RZHYHUWKURXJKLWV H[FHVVLYHDGPLWWDQFHLWFDQDOVRFDXVHRYHUKHDWLQJDQGJODUH $VD
UHVXOWRFFXSDQWVPD\FORVHWKHVKDGHVDQGXVHHOHFWULFOLJKWLQJWRHQVXUHWKHLUFRPIRUW'XULQJWKHVXPPHULWLVDQ
HYHQPRUHFRPSOH[WUDGHRIIEHFDXVHWKHQHWEHQHILWRIGD\OLJKWYHUVXVWKHFRROLQJORDGYDULHVKRXUE\KRXUDQGE\
RULHQWDWLRQ  7KH SUHVHQW VWXG\ IRFXVHV RQ XQGHUVWDQGLQJ WKH LQWHUSOD\ RI GD\OLJKW DQG WKHUPDOO\ GULYHQ HQHUJ\
VDYLQJVLQFRPPHUFLDOEXLOGLQJVDQGWKHDVVRFLDWHGG\QDPLFVRQHQHUJ\VDYLQJVWKURXJKHQKDQFHGFRQWURORIDFWLYH
IDFDGHV  7KH SDSHU DGGUHVVHV WKH LVVXH E\ PRGHOLQJ GD\OLJKW¶V GLUHFW DQG LQGLUHFW HIIHFWV RQ WRWDO HQHUJ\
FRQVXPSWLRQRIWKHPRVWLPSDFWHGEXLOGLQJHQHUJ\FRPSRQHQWVHJFRROLQJIDQVKHDWLQJDQGHOHFWULFOLJKWLQJ
2XUDQDO\VLVVKRZVWKDWDWKHHQHUJ\LPSDFWRIGD\OLJKWDGPLWWDQFHRQWRWDOHQHUJ\FRQVXPSWLRQGHSHQGVRQWKH
]RQHRULHQWDWLRQEWKHUHDUHHQHUJ\FRVWVDYLQJVRSSRUWXQLWLHVIRUDGYDQFHGG\QDPLFFRQWURORIGD\OLJKWLQJZLWKD
JRDORIDFKLHYLQJRYHUDOOHQHUJ\VDYLQJVQRWPHUHO\RIRIIVHWWLQJHOHFWULFOLJKWLQJUHTXLUHPHQWVFJUHDWHUHQHUJ\
FRVW VDYLQJV FDQ EH DFKLHYHG ZLWK ILQHU WLPH FRQWURO JUDQXODULW\ HJ KRXUO\ RI GD\OLJKW DGPLWWDQFH DQG G
LQGLYLGXDOFRQWURORIWKHGLUHFWDQGGLIIXVHVRODUUDGLDWLRQFRPSRQHQWVFDQDFKLHYHKLJKHUHQHUJ\FRVWVDYLQJV
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0HWKRGRORJ\
8QOLNH RWKHU VWXGLHV WKDW KDYH HYDOXDWHG VSHFLILF IDoDGH WHFKQRORJLHV RU GLIIHUHQWZLQGRZ W\SHV HJ GRXEOH
SDQH WULSOH SDQH ORZH HOHFWURFKURPLF LQ RXU VWXG\ZH KDYH IROORZHG D GLIIHUHQWDSSURDFK :H IRFXV RQ WKH
IXQFWLRQDOLW\WKDWDG\QDPLFIHQHVWUDWLRQV\VWHPVKRXOGKDYHLQRUGHUWRSHUIRUPDVDVRODUDGPLWWDQFHPDQDJHPHQW
V\VWHP WKDWDFKLHYHV WRWDOEXLOGLQJHQHUJ\VDYLQJV )RUWKLVUHDVRQZHFKRVH WR WUHDW WKH IHQHVWUDWLRQDVD³EODFN
ER[´ZKLFK LV LQGHSHQGHQW RI WHFKQRORJ\ DQG HPXODWH LWV HIIHFW RQ WKH LQFRPLQJ VRODU UDGLDWLRQ +HQFHZH FDQ
PRGHO WKH FKDQJH LQ WKH HQHUJ\ UHTXLUHPHQWV EHWZHHQ WKH UHIHUHQFH VFHQDULR XQWUHDWHG IHQHVWUDWLRQ HJ FOHDU
GRXEOHSDQHZLQGRZDQGWKHWUHDWHGIHQHVWUDWLRQVFHQDULRVZKHUHWKHGHVLUHGFKDQJHLQWKHDGPLWWHGVRODUUDGLDWLRQ
LVDFKLHYHG
:H DFFRPSOLVK RXU JRDO E\PRGLI\LQJ WKHZHDWKHU ILOHV WKDWDUH XVHGDV LQSXWV WR WKH(QHUJ\3OXVPRGHOV  ,Q
SDUWLFXODUZHPRGLI\WKHWZRVHWVRIPHDVXUHGGDWDWKDWGHVFULEHWKHGLUHFWDQGGLIIXVHVRODUUDGLDWLRQIRUHDFKKRXU
RI WKH GD\ WKURXJKRXW WKH \HDU  7KHPRGLILFDWLRQ FRQVLVWV RI LQGHSHQGHQWO\ UHGXFLQJ E\ D IL[HG SHUFHQWDJH WKH
GLIIXVHDQGRUGLUHFWFRPSRQHQWVRIVRODUUDGLDWLRQ:HIROORZWZRDSSURDFKHVGHVFULEHGDVIROORZV
7KHVLPSOHDQGGLUHFWDSSURDFKLVWRORZHUERWKVRODUUDGLDWLRQFRPSRQHQWVHJGLUHFWDQGGLIIXVHE\WKHVDPH
DPRXQWHJWKLVFRXOGEHUHDOL]HGZLWKDWLQWHGILOPKDYLQJDSDUWLFXODUWUDQVPLWWDQFHOHYHOHTXDOIRUERWKVRODU
UDGLDWLRQFRPSRQHQWV:HUHIHUWRWKLVW\SHRIVFHQDULRVDV%DODQFHGGD\OLJKWDGPLWWDQFHRUSHQHWUDWLRQHJ
UHSUHVHQWVDGPLWWDQFHRIRIHDFKRIWKHGLUHFWDQGGLIIXVHVRODUUDGLDWLRQ
7KH VHFRQG VHW RI VLPXODWLRQV LV SHUIRUPHGE\ UHGXFLQJ RQO\ WKH GLUHFW VRODU UDGLDWLRQ DQG OHDYLQJ WKH GLIIXVH
VRODU UDGLDWLRQ XQDIIHFWHG  :H UHIHU WR WKLV DV 8QEDODQFHG GD\OLJKW DGPLWWDQFH RU SHQHWUDWLRQ HJ 
UHSUHVHQWVDGPLWWDQFHRIRIWKHGLUHFWVRODUUDGLDWLRQZKLOHOHDYLQJWKHGLIIXVHVRODUUDGLDWLRQXQDIIHFWHG
:KHWKHURUQRWVXFKVHOHFWLYHVRODUUDGLDWLRQFRQWUROVFDQEHDFFRPSOLVKHGZLWKWRGD\¶VWHFKQRORJ\LVQRWSDUWRI
WKLVZRUN2XUIRFXVLVWRXQGHUVWDQGZKDWLVWKHLPSDFWRIVXFKDQHIIHFWGHULYHRSWLPXPFRQGLWLRQVIRUHQKDQFLQJ
EXLOGLQJ HQHUJ\ VDYLQJV DQG SRWHQWLDOO\ GULYH LQGXVWU\¶V WDUJHW SHUIRUPDQFH VSHFLILFDWLRQV IRU QH[W JHQHUDWLRQ
DGYDQFHG IHQHVWUDWLRQ LQVWDOODWLRQV  7R OLPLW FRPSXWDWLRQ WLPHV DQG WR HOLPLQDWHPXOWLSOH FRQWULEXWLRQV RI RWKHU
HQHUJ\ UHODWHG VRXUFHV LQD ELJJHU EXLOGLQJZHPRGHO RQO\ D VLQJOH RIILFH URRP LH VLQJOH WKHUPDO ]RQH :H
UHSRUWRXUUHVXOWVQRUPDOL]HGWRWKHDUHDRIWKHRIILFHVSDFHXQGHUVWXG\(QHUJ\UHTXLUHPHQWVIRUWKHHQWLUHEXLOGLQJ
FDQEHH[WUDSRODWHGIURPWKHVHUHVXOWVDQGIRUGLIIHUHQWEXLOGLQJVL]HV
,QPRGHOLQJWKHRIILFHVSDFHE\LWVHOILQRUGHUWRHOLPLQDWHWKHUPDOFRQWULEXWLRQVIURPWKHH[WHUQDOHQYLURQPHQW
ZHPXVWWUHDWDOOWKHZDOOVH[FHSWWKHIURQWIDoDGHDVDGLDEDWLF$QDGLDEDWLFZDOOLVGHILQHGDVRQHWKDWGRHVQRW
SHUPLWDQ\KHDW WUDQVIHUEHWZHHQ WKHRXWGRRUDQG LQGRRUHQYLURQPHQW +RZHYHU LQ(QHUJ\3OXV WKLVFDQRQO\EH
LPSOHPHQWHGIRUZDOOVWKDWDUHQRWD³KRVWVXUIDFH´IRUDZLQGRZ7KHUHIRUHIDoDGHZDOOVWKDWDUH³KRVWVXUIDFHV´
IRUZLQGRZVPXVWEHGHILQHGZLWKDYHU\KLJK5YDOXH6LQFHRXUDSSURDFKFKDQJHVWKHZHDWKHUILOHVWRHPXODWHWKH
UHGXFWLRQ RI WKH DGPLWWHG VRODU UDGLDWLRQ DZDOO ZLWK W\SLFDO5YDOXHPD\ FRQWULEXWH VLJQLILFDQWO\ LQ KHDW JDLQV
7KHUHIRUHLQRUGHUWRPLQLPL]HRUHOLPLQDWHKHDWWUDQVIHUWKURXJKWKHZDOODQGRQO\DFFRXQW IRUWKHHIIHFWWKDWWKH
ZLQGRZ KDV LQ WKH VWXG\ZH LQFUHDVH WKH5YDOXH WR DQ DUWLILFLDOO\ KLJK YDOXH HJ 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 5HVXOWV
,Q RXU VWXG\ ZH VLPXODWH GLIIHUHQW VRODU UDGLDWLRQ DGPLWWDQFH FDVHV WKDW DUH GHQRWHG DV ;<  µ;¶ LV WKH
SHUFHQWDJH RI GLUHFW VRODU UDGLDWLRQ DGPLWWHG FRPSDUHG WR WKH RULJLQDO ZHDWKHU ILOH DQG µ<¶ LV WKH SHUFHQWDJH RI
GLIIXVH VRODU UDGLDWLRQ DGPLWWHG FRPSDUHG WR WKH RULJLQDOZHDWKHU ILOH  7KH5HIHUHQFH FDVH GHQRWHG DV 
DQGRU 5 LV WKH VLPXODWLRQ FDUULHG RXW ZLWK WKH RULJLQDO ZHDWKHU ILOH SURYLGHG E\ WKH '2( GDWDEDVH HJ QR
UHGXFWLRQRIWKHDGPLWWHGVRODUUDGLDWLRQ:HVLPXODWHERWK%DODQFHGDQG8QEDODQFHGVFHQDULRVZLWKDUHVROXWLRQ
VWHSRIIURPWKHRULJLQDOZHDWKHUILOH)LQDOO\ZHLPSOHPHQWDQRSWLPL]DWLRQVFKHPHWKDWHYDOXDWHVZKLFKRI
WKH DGPLWWDQFH OHYHOV RIIHUV RSWLPXP UHGXFHG WRWDO \HDUO\ HQHUJ\ FRQVXPSWLRQ  7KUHH GLIIHUHQW2SWLPL]DWLRQ
2SW VFKHPHV DUH LPSOHPHQWHG DQG HYDOXDWHG  7KH ILUVW RQH LV EDVHG RQ RSWLPL]LQJ WKH WRWDO \HDUO\ HQHUJ\
FRQVXPSWLRQRQDPRQWKO\EDVLV2>P@ZKLFKPHDQVWKDWZHHYDOXDWHWKHWRWDOPRQWKO\HQHUJ\UHTXLUHPHQWXQGHU
WKHGLIIHUHQWDGPLWWHGVRODUUDGLDWLRQVFHQDULRVDQGZHVHOHFWWKHVFHQDULRWKDWSURYLGHVWKHPLQLPXPYDOXHIRUHDFK
PRQWK7KHRWKHUWZRVFKHPHVDUHEDVHGRQRSWLPL]DWLRQRQDGDLO\2>G@DQGKRXUO\2>K@EDVLVZKLFKILQGWKH
RSWLPXPDGPLWWDQFHOHYHOE\HYDOXDWLQJWKHHQHUJ\IRUHDFKGD\DQGKRXUUHVSHFWLYHO\
,Q )LJ DG ZH SUHVHQW WKH (QHUJ\ 8VH ,QWHQVLW\ (8, LQ N:KP\U IRU HDFK FDVH RI VRODU UDGLDWLRQ
DGPLWWDQFH6LQFHZHSORWWRWDOHQHUJ\FRQVXPSWLRQE\GLIIHUHQWEXLOGLQJHQHUJ\FRPSRQHQWVHJFRROLQJIDQV
KHDWLQJ HOHFWULF OLJKWV ZH VKRXOG IRFXV RQ WKH VFHQDULRV WKDW FRUUHVSRQG WR WKH VKRUWHVW EDUV 7KH VKRUWHU EDUV
WUDQVODWH WR WKH VFHQDULRV WKDW FRQVXPH WKH OHDVW DPRXQW RI HQHUJ\  ,W LV LPSRUWDQW WR QRWH WKDW DV IHQHVWUDWLRQ
UHGXFHVWKHDGPLWWHGVRODUUDGLDWLRQWKHHQHUJ\FRQVXPSWLRQLVQRWUHGXFHGSURSRUWLRQDOO\7KLVLVEHFDXVHUHGXFHG
DGPLWWHG VRODU UDGLDWLRQ PD\ QHJDWLYHO\ DIIHFW HJ LQFUHDVH WKH HQHUJ\ FRQVXPSWLRQ IRU RQH EXLOGLQJ HQHUJ\
FRPSRQHQWHJOLJKWLQJEXWRQWKHRWKHUKDQGSRVLWLYHO\DIIHFWHJUHGXFHDQRWKHUEXLOGLQJHQHUJ\FRPSRQHQW
HJKHDWLQJLQDGLVSURSRUWLRQDOPDQQHU0RUHRYHUDWWKH1RUWKIDFLQJSHULPHWHU]RQHZHREVHUYHRQO\DVXEWOH
FKDQJHLQHQHUJ\FRQVXPSWLRQ7KLVLVH[SHFWHGVLQFH1RUWKIDFLQJ]RQHV³VHH´OLPLWHGRUQRGLUHFWVRODUUDGLDWLRQ
GXULQJ WKH\HDU  ,QDGGLWLRQZHQRWLFH WKDWZKHQZH UHGXFH WKHDPRXQWRI WKHDGPLWWHGVRODUUDGLDWLRQ WKHQ WKH
PDLQ HQHUJ\ FRQVXPHU IRU WKH 1RUWK RULHQWDWLRQ EHFRPHV WKH HOHFWULF OLJKWLQJ  2Q WKH FRQWUDU\ IRU WKH 6RXWK
RULHQWDWLRQ WKHPDLQHQHUJ\ LQWHQVLYHFRPSRQHQWLVFRROLQJ :HQRWLFH WKDWE\PDQDJLQJ WKHVRODUUDGLDWLRQ WKH
FRROLQJ HQHUJ\ FRQVXPSWLRQ GURSV VLJQLILFDQWO\ DQG RQO\ WKH HOHFWULF OLJKWLQJ HQHUJ\ FRQVXPSWLRQ JUDGXDOO\
LQFUHDVHV,QJHQHUDOWKH(DVWDQG:HVWRULHQWDWLRQVKDYHVLPLODUHQHUJ\FRQVXPSWLRQSURILOHV:KDWLVFRPPRQLQ
DOOWUHQGVLVWKDWWKHPDMRUHQHUJ\LQWHQVLYHEXLOGLQJFRPSRQHQWLVFRROLQJ
$V ZH QRWLFH HDFK RI WKH %DODQFHG DQG8QEDODQFHG VFHQDULRV KDV D GLIIHUHQW HQHUJ\ FRQVXPSWLRQ SURILOH
6RPHRQHFRXOGVHOHFWWKHSUHIHUUHGVFHQDULRIRUHDFKRIWKHRULHQWDWLRQVEXWWKLVZRXOGEHDSDVVLYHDQGIL[HGHJ
QRQG\QDPLFDSSURDFK%XLOGLQJVZLWKLQG\QDPLFHQYLURQPHQWVZRXOGUHTXLUHG\QDPLFIHQHVWUDWLRQV7KHUHIRUH
ZHXVHRXURSWLPL]DWLRQDOJRULWKPWKDWUXQVDFURVVWKH\HDUO\UHVXOWVDQGFKRRVHVZKLFKVFHQDULRLVWKHEHVWIRUHDFK
RULHQWDWLRQ:HLPSOHPHQWWKUHHGLIIHUHQWRSWLPL]DWLRQDOJRULWKPUXQVRQDSHUDPRQWK2>P@EGD\2>G@
DQGFKRXU2>K@EDVLV:HFKRVHWRUXQWKUHHGLIIHUHQWRSWLPL]DWLRQRSWLRQVEHFDXVHZHZDQWWRXQGHUVWDQGDQG
TXDQWLI\ WKH LPSDFW RI DQ DFWLYH UHVSRQVH IDoDGH V\VWHP RQ HQHUJ\ FRQVXPSWLRQ  7KH FRQFHSW LGHD EHKLQG WKH
RSWLPL]DWLRQ DOJRULWKP LV WR FRPSDUH KRZPXFK ZH FDQ UHGXFH WKH HQHUJ\ FRQVXPSWLRQ RI WKH EXLOGLQJV LI WKH
ZLQGRZV FKDQJH WKHLU VRODU UDGLDWLRQ DGPLWWDQFH SURSHUWLHV DFWLYHO\ XQGHU WKUHH WLPH UHVSRQVH JUDQXODULWLHV  )LJ
DVKRZVWKDWWKH1RUWKIDFLQJ]RQHFRQVXPHVN:KP\UUHIHUHQFHVFHQDULR+RZHYHUE\RSWLPL]LQJWKH
VRODU UDGLDWLRQDGPLWWDQFHZH FDQ UHGXFH WKH HQHUJ\ FRQVXPSWLRQ RI WKH5HIHUHQFH FDVH IRU1RUWK RULHQWDWLRQ WR
 N:KP\U RSWLPL]DWLRQ E\ PRQWK WR  N:KP\U RSWLPL]DWLRQ E\ GD\ DQG WR  N:KP\U
RSWLPL]DWLRQ E\ KRXU %DVHG RQ WKH VDPHRSWLPL]DWLRQ DOJRULWKPZH FDQ UHGXFH WKH6RXWK IDFLQJ ]RQH HQHUJ\
FRQVXPSWLRQ IURP  N:KP\U WR  N:KP\U RSWLPL]DWLRQ E\ PRQWK WR  N:KP\U
RSWLPL]DWLRQ E\ GD\ DQG WR  N:KP\U RSWLPL]DWLRQ E\ KRXU )LJ E 7KH(DVW IDFLQJ ]RQH FDQ EH
RSWLPL]HGDWDSHUPRQWKEDVLVFRQVXPLQJN:KP\UDWDSHUGD\EDVLVFRQVXPLQJN:KP\UDQGDWD
SHUKRXUEDVLVZLWKDQHQHUJ\FRQVXPSWLRQRIN:KP\UZKHQFRPSDUHGWRLWVUHIHUHQFHVFHQDULRRI
N:KP\U )LJ F 6LPLODUO\ WKH:HVW IDFLQJ ]RQH FDQ EH RSWLPL]HG DW D SHUPRQWK EDVLV FRQVXPLQJ 
N:KP\UDWDSHUGD\EDVLVFRQVXPLQJN:KP\UDQGDWDSHUKRXUEDVLVZLWKDQHQHUJ\FRQVXPSWLRQRI
N:KP\UZKHQFRPSDUHGWRLWVUHIHUHQFHVFHQDULRRIN:KP\U)LJG
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)LJ(QHUJ\8VH,QWHQVLW\(8,LQN:KP\UIRU&RROLQJ&)DQV)+HDWLQJ+HOHFWULFOLJKWLQJ/IRUWKH5HIHUHQFH5%DODQFHG
%DO8QEDODQFHG8QEDODQGWKH2SWLPL]DWLRQ2SWVFHQDULRVIRUD1RUWKE6RXWKF(DVWDQGG:HVWIDFLQJ]RQHVHVKRZVWKHDFKLHYHG
HQHUJ\VDYLQJVRIWKHRSWLPL]DWLRQVFKHPHVYLVjYLVWRWKH\HDUO\HQHUJ\FRQVXPSWLRQRIWKHUHIHUHQFHVFHQDULR
$VDUHVXOWZHDUHDEOHWRJDLQVLJQLILFDQWHQHUJ\VDYLQJVE\LGHQWLI\LQJDQGDSSO\LQJGLIIHUHQWFRPELQDWLRQVRI
VRODUUDGLDWLRQDGPLWWDQFHVFHQDULRV )RU WKH6RXWK IDFLQJ]RQHVHQHUJ\VDYLQJVDVDSHUFHQWDJHRI WKHUHIHUHQFH
VFHQDULRE\KRXURSWLPL]DWLRQFDQUHDFKDVKLJKDV(DVWDQG:HVWIDFLQJ]RQHVFDQEHRSWLPL]HGE\KRXUWR
DFKLHYHHQHUJ\VDYLQJVRI DSSUR[LPDWHO\DQGUHVSHFWLYHO\ 7KH1RUWK IDFLQJ]RQHFDQDFKLHYHHQHUJ\
VDYLQJVRI,WLVREYLRXVWKDWWKHZLQGRZFDQEHH[SORLWHGWRFRQWULEXWHWRWKHEXLOGLQJ¶VHQHUJ\VDYLQJVWUDWHJ\
UDWKHUWKDQEHLQJDQHQHUJ\ORVVFRPSRQHQW)LJHVKRZVWKHWRWDOHQHUJ\VDYLQJVDFKLHYHGE\WKHWKUHHGLIIHUHQW
RSWLPL]DWLRQ VFKHPHV IRU WKH WKUHH GLIIHUHQW RULHQWDWLRQV  :H VHH WKDW VLJQLILFDQW HQHUJ\ VDYLQJV HJ 
N:KP\U DUH DFKLHYHG IRU WKH6RXWK(DVW DQG:HVW RULHQWDWLRQV 1RWH DOVR WKDW HYHQ WKH1RUWK RULHQWDWLRQ
ZKLFK³VHHV´VLJQLILFDQWO\ORZHUDPRXQWVRIGLUHFWVRODUUDGLDWLRQLVEHQHILWWHGE\WKHKRXUO\RSWLPL]DWLRQVFKHPH
,Q RUGHU WR XQGHUVWDQG WKH VLJQLILFDQFH RI WKHKRXUO\ GD\OLJKW DGPLWWDQFH RSWLPL]DWLRQ FRQWUROV RQ WKH \HDUO\
HQHUJ\FRQVXPSWLRQZHSUHVHQWKRXUO\ UHVXOWV IRU WZRGDWHV LH0DUFKWKDQGWK )LJ :HFKRVH WKHVH
GDWHV EHFDXVH WKH\ ERWK KDYH VLPLODU WHPSHUDWXUH SURILOHV VLPLODU VRODU SDWKV DQG VLPLODU GD\OLJKWLQJ KRXUV
+RZHYHU WKH WZRGDWHVKDYHYHU\GLIIHUHQW VRODUUDGLDWLRQSURILOHV  ,QSDUWLFXODU0DUFKWK LVD VXQQ\GD\ZLWK
DEXQGDQW GLUHFW VXQOLJKW )LJ D  ,Q FRQWUDVW 0DUFK WK KDV DQ RYHUFDVW PRUQLQJ WKHUH LV QR GLUHFW VRODU
UDGLDWLRQXQWLOSPDQGDFOHDUVN\LQWKHDIWHUQRRQ)LJE,Q)LJFZHSORWWKHHQHUJ\VDYLQJVIRU
0DUFK WK DW HDFK KRXU RI WKH GD\ XQGHU WKH GLIIHUHQW VRODU UDGLDWLRQ DGPLWWDQFH VFHQDULRV IRU WKH 6RXWK IDFLQJ
RIILFHVHJDUHDRIPRIDW\SLFDO³/DUJH2IILFH´EXLOGLQJ>@:HREVHUYHWKDWDVWKHDPRXQWRIDGPLWWHG
VRODU UDGLDWLRQ HLWKHU %DODQFHG RU 8QEDODQFHG LV UHGXFHG WKH HQHUJ\ VDYLQJV LQFUHDVH LQ D JHQHUDO WUHQG
&RQVHTXHQWO\WKHKRXUO\RSWLPL]HGVFKHPHEODFNOLQHLVDOPRVWHTXLYDOHQWWRWKHVFHQDULR7KLVPHDQVWKDW
IRU WKLV SDUWLFXODU GDWH DQG ZHDWKHU FRQGLWLRQV QR DGMXVWPHQW RI WKH DGPLWWHG VRODU UDGLDWLRQ ZRXOG EH QHHGHG
SURYLGHGWKHIHQHVWUDWLRQKDGEHHQVHWWRRSHUDWHDWDGPLWWDQFHOHYHOV2QWKHRWKHUKDQG)LJGVKRZVD
FRPSOHWHO\GLIIHUHQWSHUIRUPDQFH IRU0DUFKWK  ,QSDUWLFXODU IRUHDFK WLPHRI WKHGD\ WKHUH LVDGLIIHUHQW VRODU
UDGLDWLRQDGPLWWDQFHVFHQDULRWKDWSURYLGHVWKHPRVWHJRSWLPXPHQHUJ\VDYLQJV)RUH[DPSOHLQWKHPRUQLQJ
KRXUVZKHQWKHUHLVQRGLUHFWVRODUUDGLDWLRQWKHVFHQDULRWKDWSURYLGHVWKHPD[LPXPHQHUJ\VDYLQJRSSRUWXQLW\LV
WKHVFHQDULR,QWKHDIWHUQRRQKRXUVWKHIDYRXUDEOHVFHQDULRFKDQJHVWRDWSPDWSP
DWSP+HQFHWKHRSWLPL]HGVFKHPHFDQGUDVWLFDOO\FKDQJHGXULQJWKHGD\DQGZHVHHWKDWGHSHQGLQJRQ
WKHDYDLODEOHVRODUUDGLDWLRQWKHOHDVWDPRXQWRIDGPLWWHGGD\OLJKWGRHVQRWJXDUDQWHHWKHEHVWHQHUJ\VDYLQJVDVLQ
WKHFDVHRI0DUFKWK $OLNHO\H[SODQDWLRQ LV WKDW LQ WKHPRUQLQJKRXUVRI0DUFKWKWKHUHDUHORZVRODUKHDW
ORDGV  $V D UHVXOW UHGXFWLRQ RI WKH DGPLWWHG VRODU UDGLDWLRQ GRHV QRW DGG WR HQHUJ\ VDYLQJV VLQFH WKHUH DUH QR
VLJQLILFDQWFRROLQJQHHGV+RZHYHU LQWKHDIWHUQRRQUHGXFWLRQRIWKHDGPLWWHGVRODUUDGLDWLRQDGGVWRWKHHQHUJ\
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 Alex Vlachokostas and Nicholas Madamopoulos /  Energy Procedia  78 ( 2015 )  2214 – 2219 2219
VDYLQJVGXHWRUHGXFHGFRROLQJUHTXLUHPHQWV1RWHWKDWOLJKWLQJHQHUJ\ UHTXLUHPHQWVZRXOGDOVRSOD\DUROHLQWKH
VHOHFWLRQRIWKHRSWLPXPVFHQDULR
)LJ'LUHFW1RUPDO5DGLDWLRQ'15'LIIXVH+RUL]RQWDO5DGLDWLRQ'+5DQG7HPSHUDWXUH7SURILOHVIRUDWKDQGEWKRI0DUFK
&XPXODWLYHHQHUJ\VDYLQJIRUWKH6RXWKIDFLQJRIILFHVRIDVWDQGDUGEXLOGLQJW\SH³/DUJH2IILFH´>@IRUDWKDQGEWKRI0DUFK
 &RQFOXVLRQ
:HKDYH SUHVHQWHG DQHZPHWKRGRORJ\ IRU TXDQWLI\LQJ WKH LPSDFW RI GLUHFW DQGGLIIXVH VRODU UDGLDWLRQ RQ WKH
WRWDOHQHUJ\FRQVXPSWLRQLQDVWDQGDUGSHULPHWHURIILFH]RQH2XUPHWKRGRORJ\WUHDWVWKHIHQHVWUDWLRQDVD³EODFN
ER[´ DQG HPXODWHV LWV HIIHFWLYH VRODU UDGLDWLRQ DGPLWWDQFH SHUIRUPDQFH  $FFRUGLQJO\ LW FDQ EH XVHG WR GHYHORS
IXWXUH DGYDQFHG IHQHVWUDWLRQ VSHFLILFDWLRQV  2XU DQDO\VLV VKRZV WKDW G\QDPLF RSWLPL]DWLRQ ZLWK LQGHSHQGHQW
PDQDJHPHQWRIWKHGLUHFWDQGGLIIXVHVRODUUDGLDWLRQFRPSRQHQWVRQDQKRXUO\EDVLV LVUHTXLUHGWRDFKLHYHWKHEHVW
(8, SHUIRUPDQFH  )RU WKH SDUWLFXODU FDVH VWXG\ IRU DQ RIILFH VSDFH ORFDWHG LQ 1HZ <RUN FLW\ ZH VKRZ WKDW
G\QDPLFIHQHVWUDWLRQVFDQVLJQLILFDQWO\LPSURYHWKH(8,HJIRUWKH6RXWKIDFLQJ]RQHV!IRU(DVWDQG
:HVWRULHQWDWLRQVDQGIRUWKHPRUHFKDOOHQJLQJ1RUWKRULHQWDWLRQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH SDUWLDO VXSSRUW IURP WKH 1HZ <RUN 6WDWH (QHUJ\ 5HVHDUFK DQG
'HYHORSPHQW$JHQF\1<6(5'$7KHDXWKRUVDOVRWKDQN0%RENHUIRUXVHIXOGLVFXVVLRQFRQFHUQLQJWKLVZRUN
5HIHUHQFHV
>@5HLQKDUW&'D\OLJKWLQJ+DQGERRN,)XQGDPHQWDOVDQG'HVLJQLQJZLWKWKH6XQ5LD6WHLQHGLWRUS
>@'D\OLJKWLQ%XLOGLQJV$6RXUFH%RRNRQ'D\OLJKWLQJ6\VWHPVDQG&RPSRQHQWV,QWHUQDWLRQDO(QHUJ\$JHQF\±$UHSRUWRI,($6+&7DVN
/DZUHQFH%HUNHOH\1DWLRQDO/DES
>@%DHWHQV5-HOOH%-*XVWDYVHQ$3URSHUWLHVUHTXLUHPHQWVDQGSRVVLELOLWLHVRIVPDUWZLQGRZVIRUG\QDPLFGD\OLJKWDQGVRODUHQHUJ\FRQWURO
LQEXLOGLQJV$VWDWHRIWKHDUWUHYLHZ6RO(QHUJ0DW6RO&S
>@ 0DUGDOMHYLF - 1DELO $ (OHFWURFKURPLF JOD]LQJ DQG IDFDGH SKRWRYROWDLF SDQHOV D VWUDWHJLF DVVHVVPHQW RI WKH SRWHQWLDO HQHUJ\ EHQHILWV
/LJKWLQJ5HVHDUFKDQG7HFKQRORJ\S
>@&20)(1E\/DZUHQFH%HUNHOH\1DWLRQDO/DEDFFHVVHG)HEKWWSZLQGRZVOEOJRYVRIWZDUHFRPIHQ&20)(18VHU0DQXDOSGI
>@'HSDUWPHQWRI(QHUJ\'2(DFFHVVHG)HEKWWSHQHUJ\JRYHHUHEXLOGLQJVFRPPHUFLDOUHIHUHQFHEXLOGLQJV
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